Fe/Si multilayers with antiferromagnetic interlayer coupling have been grown via ion-beam sputtering on both glass and single-crystal substrates.
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suggests that the remanence is not an intrinsic property.
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The well-established picture of antiferromagnetic coupling in metal/metal multilayers would have to be extensively modified for coupling across insulating or semiconducting spacer layers, where the spacer does not possess a Fermi surface. 1, 2 In particular the temperature dependence of the exchange coupling might be significantly different in ferromagnet/semiconductor multilayers where the exchange is mediated by thermally activated carriers.
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Unusual temperature-dependent magnetic properties have been reported for Fe/Si multilayers. For example, a large increase in the remanent magnetization has been observed at low-temperature. 3 If the interlayer antiferromagnetic (AF) coupling increases with decreasing temperature, as in multilayers with metal spacers, one might expect the remanence instead to decrease at low temperature. Proper interpretation of the remanent magnetization in Fe/Si multilayers may therefore be important to understanding the origin of the interlayer coupling in this system. One way to explore the origin of the remanence is to compare films of different crystalline quality.
I. EXPERIMENTAL METHODS
The films used in this study were grown using ion-beam sputtering (IBS) in a chamber with a base pressure of 2×10 −8 torr. The deposition system is described in more detail elsewhere. 4 All samples used in this study were grown at a substrate temperature of 200
• .
All comparisons between films grown on glass and single-crystal substrates will be made on samples which were deposited simultaneously so as to eliminate any reproducibility issues.
The substrates used in this study were glass coverslips, MgO (001), Ge(001) and Figure 1 shows high-angle x-ray diffraction spectra for a purely (001)-oriented (Fe40Å/Si14Å)x60 multilayer grown on MgO(001) and a purely (011)-oriented multilayer grown simultaneously on glass. While multiple superlattice satellites are observed around the Fe(002) peak for the film grown on MgO, the film on glass has only one peak corresponding to (011)-textured growth. A single superlattice satellite is typically observed in multilayers on glass on the low-angle side in keeping with previous observations. 6 An estimate of the crystallite sizes in these films can be derived using the Scherrer formula. This analysis gives a coherence length of 165Å for the film on glass and 188Å for the film on MgO.
Since the crystalline coherence lengths of these films are similar, the presence of highangle satellites in the film on MgO must be due to better layering. The small-angle x-ray scattering data shown in Figure 2 Assuming for a moment that the interlayer coupling is purely bilinear in nature, a well-known formula relates the saturation field to the AF coupling strength: A SQUID magnetometer has been used to measure the magnetization curves of the IBS-grown Fe/Si multilayers at lower temperatures. 10 The temperature dependence of the remanent magnetization of these films is similar to that reported by other authors.
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IV. DISCUSSION
At the moment it is not possible to tell why the in-plane ordering of the films grown on substrate may lead to wavy interfaces between the Fe and iron silicide films or to pinholes through the silicide layers. Wavy interfaces can cause increased magnetostatic coupling or even biquadratic coupling, 11 both of which would tend to increase the remanence. The large remanence of the multilayers grown on glass substrates is likely also due to pinholes or magnetostatic coupling.
Pinhole-induced may explain the unusual temperature dependence of the remanence. Hysteresis loops for (Fe100Å/Si14Å)x2 multilayers (trilayers) grown on Al 2 O 3 (1120), Ge(001), and MgO(001). All data are taken with the applied magnetic field along the Fe (100) easy direction.
